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(54)TI0e: LEAD CONNECTOR 



(57) Abstract 

A connector having a bore to receive a terminal end of a stimulation lead. The connector 
electrically contacts a received stimulation lead through one or more contacts. The contacts each 
have a readily deformable canted coil, which establishes a low resistance electrical connection widi 
such received stimulation lead. The connector is adapted for use with lead extensions as well as 
incorporation into electrical energy souices, for example, a pulse generator. 
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LEAD CONNECTOR 

Field of the Invention 

The present invention relates to a lead connector, and 
particular, to a lead connector that receives an 
5 implantable stimulation lead with minimal insertion force 

and enables reliable contact with a received stimulation 
lead while reducing the labor required to secure such 
stimulation lead therein. 
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Background of the Invention 

To briefly describe a typical stimulation lead 
implantation procedure, a user first places a stimulation 
lead, whether through surgical intervention or otherwise, 
5 at a site to be stimulated. Depending on the intended 

result or condition, such site may generally be within the 
heart or the brain; along the spinal cord, peripheral 
nerves, sacral nerves; or more generally, in or about any 
tissue within the human body. Application of specific 
10 electrical energy to certain regions of the human body can 
effect a variety of physiological or psychological 
benefits, including symptomatolytic effects for a variety 
of conditions, for example, chronic pain, epilepsy, tremor, 
and urge incontinence. 

15 To correctly position a stimulation lead, electrical 

energy is delivered through the stimulation lead during 
placement, and a practitioner guides the stimulation lead 
to a final placement position based on patient and/or 
physiological feedback. Once the stimulation lead is 

20 properly positioned, however, it becomes necessary to 
identify an optimized electrical energy that allows 
maximized symptomatolytic results. The burden of 
optimization is increased by both the potential variables 
of the delivered electrical energy (e.g., amplitude, 

25 frequency, pulse width, phase) and the number of electrodes 
of the stimulation lead— as each electrode can typically 
assume a positive polarity, a negative polarity, or an off- 
state. As but one example, an eight electrode stimulation 
lead can provide thousands of different electrode 

30 combinations, wherein each electrode combination may affect 
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differently the perceived nature of the delivered 
electrical energy. 

Understandably, identifying an optinrnm "setting" 
cannot generally be accomplished during a short evaluation. 
5 Rather, a trial is conducted for as little as a few days 
and as great as a few- weeks. During this trial term, an 
implanted stimulation lead is typically connected to an 
external electrical energy source (e.g., pulse generator). 
This connection is commonly made via a temporary lead 

10 extension that connects the external electrical energy 
source to the implanted stimulation lead. The lead 
extension functions to deliver electrical energy to an 
implanted stimulation lead without having to expose the 
stimulation lead itself to an environment outside the body, 

15 thus protecting the patient from infection and other 
complications. 

A conventional temporary lead extension includes a 
lead-like structure having a terminal end at a proximal end 
and a connector at a distal end. The terminal end is 

20 typically formed in accordance with a terminal end of a 

stimulation lead and, as provided above, is connectable to 
an electrical energy source. The connector features 
certain structure to receive a terminal end of an implanted 
stimulation lead and includes further structure to secure a 

25 received stimulation lead within the connector. 

Lead extension connectors commonly take the form of 
set screw connectors. Set screw connectors include a 
housing, having a bore, that accommodates a plurality of 
set screws to establish an electrical connection with a 
30 received stimulation lead as well as retain such 
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Stimulation lead within the connector. The plurality of 
set screws are arranged along a length of the connector and 
are movable between an exterior surface and the bore, 
thereby allowing each set screw to extend into, or retract 
5 from, the bore. 

As mentioned above, conventional stimulation leads can 
include a plurality of electrodes, for example, two, four, 
eight, sixteen, etc. As the set screws for this 
conventional connector are quite small, a user must be 

10 vigilant in initially loosening the set screws (i.e., to 
open the bore of the connector) not allow a set screw to 
become free of the connector. Once a stimulation lead is 
positioned within the bore, each set screw must be properly 
tightened to ensure contact with a received stimulation 

15 lead. Unless a torque wrench is used, care must be taken 
to limit the amount of force applied to each set screw to 
prevent damage to a received stimulation lead. 

While the above example focuses on the role and 
burdens of conventional temporary lead extensions, 

20 permanent lead extensions, which are permanently implanted 
to connect an implanted stimulation lead to an implanted 
electrical energy source (e.g., a pulse generator), have 
largely the same structure and are subject to the same 
operational limitations. Moreover, the noted shortcomings 

25 of such set screw connectors are equally acknowledged as 

being a component of conventional electrical energy sources 
(e.g., pulse generators) which use such connectors to 
engage and retain stimulation leads, temporary lead 
extensions, and/or permanent lead extensions. 
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In reference to the known art of connectors, a need 
exists for a lead connector that requires minimal insertion 
force to receive a lead, allows a reliable, stable 
electrical connection with a received lead, and reduces the 
5 labor required to secure such lead therein. 
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Summary of the Invention 

One aspect of the present invention is directed to a 
connector to engage a terminal end of a received 
stimulation lead for purposes of transferring electrical 
5 energy from an electrical energy source to terminals of the 
received the stimulation lead. The connector includes a 
housing having a bore. Positioned within the bore, a 
plurality of contacts, each being connectable to an 
electrical energy source and having a canted coil member, 

10 define in part a passage to receive a terminal end of a 
stimulation lead, wherein at least one contact of the 
plurality of contacts electrically engages a terminal of a 
received stimulation lead. The housing further 
accommodates a set screw that selectively engages a 

15 received stimulation lead to restrict longitudinal movement 
of such stimulation lead within the passage. 

Another aspect of the present invention is directed to 
a lead extension having a plurality of terminals and a 
connector having a passage to receive a terminal end of a 

20 stimulation lead. The housing includes a plurality of 

contacts positioned along the passage, wherein each contact 
is electrically connected to a corresponding terminal of 
the plurality of terminals and includes a canted coil 
member, that are separated by at least one insulator to 

25 separate adjacent contacts. The housing further includes a 
set screw to selectively engage a received stimulation lead 
to restrict longitudinal movement of such stimulation lead 
within the passage. 

An object of the present invention is to avoid the 
30 negative aspects of known connectors described above. 
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Another object of the present invention is to provide 
a lead connector that will establish a reliable, stable 
connection with a received terminal end of a lead. 

Another object of the present invention is to provide 
5 a lead connector that will allow a received lead to be 
adequately secured therein to prevent inadvertent 
disconnection or movement of the terminal end of the 
implanted lead relative to the connector during operation. 

Another object of the present invention is to provide 
10 a connector contact that readily receives and contacts at 
least one terminal of a received lead through a low 
resistance interface. 

Other aspects, objects, and advantages of the present 
invention will be apparent to those of ordinary skill in 
15 the art having reference to the following Specification 
together with the provided drawings. 
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Brief Description of the Drawings 

In reference to the following figures, like reference 
numerals and letters indicate corresponding elements: 

FIG 1 is a plan view of an implantable lead extension 
5 having a connector in accordance with the present 
invention; 

FIG. 2 is a partial sectional plan view of the 
connector of the lead extension of FIG. 1; 

FIG. 3 is a sectional side view of the connector of 
10 the lead extension of FIG. 1; 

FIGS. 4A and 4B are sectional views of one embodiment 
of connector contacts in accordance with the present 
invention; 

FIG. 5 is sectional view of the connector of FIG. 2 
15 along line V-V; 

FIG. 6 is sectional view of a strain relief sleeve; 

FIG. 7 is a perspective view of an implantable 
electrical energy device having a connector in accordance 
with the present invention; and 

20 FIG. 8 is a partial sectional view of the connector of 

FIG. 7 along line VIII-VIII. 

Detailed Description of the Preferred Embodiments 

Various embodiments, including preferred embodiments, 
will now be described in detail below with reference to the 
drawings . 

FIG. 1 illustrates a preferred embodiment of lead 
extension 10. Lead extension 10 may functionally serve as 
a temporary lead extension or a permanent lead extension, 
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wherein the operational distinction between such structures 
is discussed in greater detail above. While the lead 
extensions illustrated and generally discussed here have a 
structure to connect with a stimulation lead having eight 
terminals, lead extension 10 can be readily modified by the 
teachings of this disclosure to accommodate a stimulation 
lead having any number of terminals. 

Lead extension 10 includes a proximal end 12 and a 
distal end 14. The proximal end 12 includes a plurality of 
electrically conductive terminals 16, serially arranged 
along sheath 19, and the distal end 14 includes connector 
20. In reference to FIG. 2, sheath 19 further encloses a 
plurality of conductors 18 that electrically connect each 
contact 22 of connector 20 to a respective terminal 16. 

Sheath 19 is formed of a medical grade, substantially 
inert material, for example, polyurethane, silicone, or the 
like. While the specific material used for sheath 19 is 
not critical to the present invention, sheath 19 must be 
non-reactive to the environment of the hioman body, provide 
a flexible and durable (i.e., fatigue resistant) exterior 
structure for the conductors 18, and insulate adjacent 
terminals 16. Terminals 16 are preferably formed of a non- 
corrosive, highly conductive material. Examples of such 
material include stainless steel, MP35N, platinum, and 
platinum alloys. In a preferred embodiment, terminals 16 
are formed of a platinum-iridium alloy. 

While the specific assembly or construction of 
terminals 16, conductors 18, and sheath 19 is not a 
critical aspect of the present invention, in a preferred 
embodiment, these elements are assembled in accordance with 
the disclosure of co-pending application Ser. No. 
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09/xxx/Xxx, filed on J^ril 26, 1999. The disclosure of 
such application is accordingly incorporated by reference 
herein. 

In reference to FIG. 3, connector 20 generally has a 
housing 24 that, in part, defines bore (or passage) 26. In 
a preferred embodiment, housing 24 is formed of a medical 
grade, substantially inert material, for example, 
polyurethane, silicone, or the like. When formed of an 
elastomer material, such as those provided here as an 
example, connector 20 becomes somewhat flexible along its 
longitudinal length. Consequently, when implanted within a 
patient, some patient discomfort that may otherwise be 
experienced can be alleviated by this flexible quality. 

A proximal end of connector 20 includes strain relief 
28, which engages sheath 19, and a distal end of connector 
20 includes strain relief receiving element 30, which in 
part defines bore 26. Receiving element 30 can receive 
strain relief sleeve 31 (FIG. 6), wherein groove 30a would 
engage shoulder 31a when sleeve 31 is properly received. 
To ensure that sleeve 31 is retained with respect to 
connector 20, sleeve 31 is provided with suture groove 31b 
to operatively receive a suture (not shown) . To assist in 
restricting (longitudinal) movement of a received 
stimulation lead (not shown) with respect to connector 20, 
an additional suture (not shown) can be applied about a 
distal portion 31c of sleeve 31. Of note, while sleeve 31 
is shown having a smoothly tapered exterior surface, such 
exterior surface may include, for example, ridges (not 
shown) at or about the distal portion 31c to define an 
additional suture groove and/or be provided with a 
longitudinal slit (not shown) that extends along some 
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length of sleeve 31 that allows sleeve 31 to more 
completely collapse about an exterior surface of a received 
stimulation lead when subjected to a suture about the 
distal portion 31c". Notwithstanding the above examples 
referencing sleeve 31, sealing element 30 can directly 
receive a suture (not shown) to the exclusion of sleeve 31. 

Bore 26 is largely defined by an alternating 
arrangement of insulators 23 and contacts 22. Each contact 
22 is electrically joined to a conductor 18 that links such 
contact 22 with a corresponding terminal 16. As 
illustrated in FIG. 3, insulators 23 are formed as a part 
of housing 24; however, insulators 23 could be independent 
elastomer elements alternately assembled with contacts 22. 

In addition to separating contacts 22, insulators 23 
can be formed to sealingly engage an exterior surface of a 
received stimulation lead to prevent fluid penetration into 
connector 20. Insulators 23 of FIG. 3 are formed in such 
matter. It should be appreciated, however, that every 
insulator 23 does not have to be formed as a functional 
seal . 

In one embodiment and in further reference to FIG. 4, 
each contact 22 is formed of annular housing 22a, which 
receives coil member 22b. Housing 22a is formed of a 
material having similar properties to that used to form 
terminals 16, specifically a non-corrosive, highly 
conductive material. In a preferred embodiment, annular 
housing 22a is formed of a platinum-iridium alloy or 
receives a platinum-iridium plating. 

Each coil member 22b is formed from a single piece of 
spring wire having its proximal and distal ends joined. A 
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pattern of the spring wire may take a circular pattern, an 
elliptical pattern, sinusoidal pattern, or other geometric 
form. The spring wire is formed of a non-corrosive, highly 
conductive material that is subject to forming coil/spring 
structures (for example, stainless steel, MP35N, conductive 
elastomer materials, platinum/platinum-iridium alloy, or 
other material having a platiniam/platinum-iridium alloy 
plating) and is compatible with the selected material of 
annular housing 22a. As should be appreciated, coil member 
22b can take any variety of coil forms that satisfies the 
required functionality of this element. In a preferred 
embodiment, coil member 22b has 10-40 turns, and in a more 
preferred embodiment, coil member 22b has 20-40 turns. 
Each turn of coil member 22b provides almost an independent 
contact to electrically communicate with annular housing 
22a. 

Coil member 22b has an outer diameter sufficient to 
retain coil member 22b within annular housing 22a and an 
inner diameter of coil member 22b less than a diameter of a 
stimulation lead received within connector 20. Coil member 
22b should be responsive to and allow passage of a terminal 
end of a stimulation lead through its inner diameter. 

In a preferred embodiment, coil member 22b is a canted 
coil, see FIG. 4B. While a canted coil is appealing for 
the reproducible nature of its operational characteristics, 
the coil structure further offers performance advantages in 
its ability to accept a stimulation lead within its inner 
diameter. Specifically, a non-canted coil would increase 
the required insertion force necessary to position a 
stimulation lead within connector 2 6, as such force 
typically requires the deformation of the members (or 
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beams) that form such coil member 22b. Although such non- 
canted coil member 22b remains within the scope of the 
intended invention, it is not consistent with a most 
preferred embodiment of the present invention. Insertion 
of a stimulation lead through an inner diameter of coil 
member 22b, being formed of a canted coil merely requires 
the natural expansion of the coil form without beam 
de formation. 

Preferably, coil member 22b is freely retained within 
the channel defined by annular housing 22a. To satisfy 
this preference, annular housing 22a and coil member 22b 
must be formed from materials that readily form a low 
resistance electrical connection through mere contact or 
when subjected to a minimal contact force. Thus, it 
becomes necessary to look at the actual material interface 
between coil member 22b and annular housing 22a. In a 
preferred embodiment, such interface should include a 
minimal (i.e., thickness) or readily penetrable oxide layer 
(for example, as may exist between platinum- 
iridium/platinum-iridium plated annular housing 22a and 
MP35N coil member 22b) or substantially no oxide layer (for 
example, as may exist between platinum- iridium/plat inum- 
iridium plated annular housing 22a and platinum- 
iridium/platinum-iridium plated annular housing coil member 
22b) . 

As an alternative embodiment, each contact 22 includes 
coil member 22a only, which is directly joined to a 
respective conductor 18. 

Coil members 22b, while necessarily contacting a 
received stimulation lead, cannot be relied upon to apply 
retention-level forces, otherwise insertion of a 
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Stimulation lead into connector 20 would be too difficult. 
Accordingly/ as mentioned above, connector 20 can include 
set screw 34, accessible through set screw septum 32, to 
retain an inserted stimulation lead, see FIGS 3 and 5. 
While set screw 34 operatively contacts a terminal of a 
received stimulation lead for purposes of electrical 
communication, set screw 34 can be conductively non- 
functional, whereas set screw 34 would merely function to 
secure the received stimulation lead within connector 20. 
Set screw septum 32 is preferably positioned with respect 
to connector 20 so as to engage a proximal-most portion of 
an inserted stimulation lead. Alternatively, set screw 
septum 32 could be positioned closer to receiving element 
30. 

As mentioned, set screw 34 is used to retain a 
received stimulation lead within connector 20 to reduce an 
opportunity for longitudinal movement by such lead within 
bore 26. Set screw 34 can be used alone or in combination 
with sutures about distal portion 31c of sleeve 31, as 
discussed above. Moreover, when insulators 23 are formed 
so as to create seals with an exterior surface of a 
received stimulation lead, each seal imparts a retention 
force with respect to such lead. Accordingly, it should be 
further appreciated that use of a suture (s) about distal 
portion 31c of sleeve 31 (with or without sealing 
insulators 23) can eliminate the need for set screw 34 as 
well as set screw septum 32 

While connector 20 is shown having a single bore 26, 
connector 2 6 could include two or more bores 2 6 (see 
generally, FIG. 7) , wherein each bore 2 6 includes 
independent contacts 22, conductors 18, and set screws 34. 
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Moreover, while bore 26 has been generally shown to be 
annular, bore 2 6 can take assume any geometric shape to 
accommodate a shape of a terminal end of a stimulation 
lead. 

The actual formation of housing 24 is not critical to 
the present invention. As illustrated in FIG. 3, housing 
24 is shown as being formed in two injection operations: 
portion 24a in a first operations and portion 24b in a 
back-fill operation. Regardless, housing 24 could be 
formed by any process or in any number of steps/processes 
without departing from the teachings provided here. 
Moreover, while the illustrative example of connector 20 is 
formed from an elastomer material, connector 20 could be 
formed of a housing having one or more rigid components. 

Although the above discussion has been made in the 
context of connector 20 being apart of lead 10, in 
reference to FIGS. 7 and 8, it should be appreciated that 
the teachings here are equally applicable to a connector, 
integral or otherwise, for an implantable electrical energy 
device 200 {e.g., radio-frequency receiver, implantable 
pulse generator, etc.) that receives a terminal end of a 
stimulation lead. For this variation, conductors 18 would 
directly couple contacts 22 with the output of a pulse 
generator or other device that generates electrical energy 
for stimulation. 

While the disclosed structures have been disclosed 
primarily in the context of receiving a stimulation lead, 
it should be appreciated by one having ordinary skill in 
this art that connector 20 has equal applicability to 
receiving a terminal end of a sensing lead. 
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While addressed in part above, as the invention has 
been described herein relative to a nmnber of 
particularized embodiments/ it is understood that 
modifications of, and alternatives to, these embodiments, 
such modifications and alternatives realizing the 
advantages and benefits of this invention, will be apparent 
to those of ordinary skill in the art having reference to 
this specification and its drawings. It is contemplated 
that such modifications and alternatives are within the 
scope of this invention as subsequently claimed herein, and 
it is intended that the scope of this invention claimed 
herein be limited only by the broadest interpretation of 
the appended claims to which the inventors are legally 
entitled. 
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What is clalxned is: 

A connector to engage a terminal end of a received 
implantable lead for purposes of electrically communicating 
with the implantable lead, the connector comprising: 

5 a housing defining a passage to receive a terminal end 

of a implantable lead; 

at least one annular, canted coil member, positioned 
within the passage, to encompass at least a portion of a 
terminal end of a received implantable lead and to 
10 electrically contact a terminal of such implantable lead; 
and 

a securing mechanism adapted to engage a received 
implantable lead to restrict longitudinal movement of such 
implantable lead within the passage. 

1. A connector in accordance with Claim 1, wherein 
the at least one coil member is freely received within a 
conductive housing that electrically communicates with the 
at least one coil member. 

2. A connector in accordance with Claim 2, further 
comprising at least one terminal, connectable to an 
electrical energy source, the at least one terminal being 
coupled to the conductive housing. 

3. A connector in accordance with Claim 1, further 
comprising at least one sealing member within the passage 
to engage an exterior surface of a received implantable 
lead to prevent fluid intervention within the connector. 

4. A connector in accordance with Claim 1, wherein 
an inner diameter of the at least one coil member is less 
than an outer diameter of a received implantable lead. 

5. A connector in accordance with Claim 1, wherein 
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the housing is formed of an elastomer material. 

6- A connector in accordance with Claim 1, wherein 
the securing mechanism is a set screw. 

7. A connector in accordance with Claim 1, wherein 
the securing mechanism is adapted to receive a suture to 
effect an engagement of a received implantable lead. 

8. A connector in accordance with Claim 1, further 
comprising at least one terminal connectable to an 
electrical energy source, the at least one terminal is 
electrically coupled to the at least one coil member to 
allow electrical communication. 

9. A connector to engage a terminal end of a 
received implantable lead for purposes of transferring 
electrical energy from an electrical energy source to 
terminals of the received implantable lead, the connector 

5 comprising: 

housing having a bore; and 

a plurality of contacts, connectable to an electrical 
energy source and positioned within the bore, to in part 
define a passage to receive a terminal end of a implantable 
10 lead, wherein at least one contact of the plurality of 
contacts electrically engages a terminal of a received 
implantable lead; 

wherein each contact includes a canted coil member. 

10. A connector in accordance with Claim 10, further 
comprising a securing mechanism adapted to engage a 
received implantable lead to restrict longitudinal movement 
of such lead within the passage. 

11. A connector in accordance with Claim 11, wherein 
the securing mechanism is a set screw. 

12. A connector in accordance with Claim 11, wherein 
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the securing, mechanism is. adapted to receive a suture to 
effect an engagement of a received implantable lead. 

13. A connector in accordance with Claim 10, wherein 
each coil member is received and largely encompassed by a 
coil member housing, wherein the coil member is freely 
received within the coil member housing. 

14. A connector in accordance with Claim 14, further 
comprising at least one terminal connectable to an 
electrical energy source, the at least one terminal being 
coupled to the conductive housing. 

15. A connector in accordance with Claim 10, wherein 
an inner diameter of a coil member is less than an outer 
diameter of a received implantable lead. 

16. A connector in accordance with Claim 10, further 
comprising at least one sealing member within the passage 
to engage an exterior surface of a received implantable 
lead to prevent fluid intervention within the connector. 

17. A connector in accordance with Claim 10, wherein 
the housing is formed of an elastomer material. 

18. A connector in accordance with Claim 10, further 
comprising a plurality of terminals connectable to an 
electrical energy source, the plurality of terminals being 
independently and electrically coupled to corresponding 
coil members to allow electrical communication. 

19. A lead extension comprising: 
a plurality of terminals; and 

a connector having a passage to receive a terminal end 
of an implantable lead, including: 

5 a plurality of contacts positioned along the passage, 

wherein each contact is electrically connected to a 
corresponding terminal of the plurality of terminals; and 
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at least one insulator to separate adjacent contacts, 
wherein each contact has a canted coil member, 

20. A lead extension in accordance with Claim 20, 
wherein the connector further comprises a securing 
mechanism adapted to engage a received implantable lead to 
restrict longitudinal movement of such lead within the 
passage. 

21. A lead extension in accordance with Claim 21, 
wherein the securing mechanism is a set screw. 

22. A lead extension in accordance with Claim 21, 
wherein the securing mechanism is adapted to receive a 
suture to effect an engagement of a received implantable 
lead. 

23. A lead extension in accordance with Claim 20, 
wherein each coil member is received and largely 
encompassed by a coil member housing, wherein the coil 
member is freely received within the coil member housing. 

24. A lead extension in accordance with Claim 20, 
wherein an inner diameter of a coil member is less than an 
outer diameter of a received implantable lead. 

25. A lead extension in accordance with Claim 20, 
wherein an insulator of the at least one insulator is 
formed to sealingly engage an exterior surface of a 
received implantable lead. 

26. An electrical stimulation device that delivers 
prescribed electrical energy through at least one 
connected, implantable lead, the device comprising: 

a controller to output prescribed electrical energy; 

5 and 

a connector, coupled to the controller to received the 
prescribed electrical energy, having a passage to receive a 
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terminal end of an implantable lead, including a plurality 
of contacts positioned along the passage, wherein each 
contact is electrically connected to a corresponding 
terminal of the plurality of terminals, 

wherein each contact has a canted coil member, 

27. A device in accordance with Claim 27, further 
comprising at least one insulator to separate adjacent 
contacts. 

28. A device in accordance with Claim 28, wherein an 
insulator of the at least one insulator is formed to 
sealingly engage an exterior surface of a received 
implantable lead. 

29. A device in accordance with Claim 27, wherein the 
connector further comprises a securing mechanism adapted to 
engage a received implantable lead to restrict longitudinal 
movement of such lead within the passage. 

30. A device in accordance with Claim 30, wherein the 
securing mechanism is a set screw. 

31. A device in accordance with Claim 30, wherein the 
securing mechanism is adapted to receive a suture to effect 
an engagement of a received implantable lead. 

32. A lead extension in accordance with Claim 27, 
wherein each coil member is received and largely 
encompassed by a coil member housing, wherein the coil 
member is freely received within the coil member housing. 

33. A lead extension in accordance with Claim 27, 
wherein an inner diameter of a coil member is less than an 
outer diameter of a received stimulation lead. 

34. A lead extension in accordance with Claim 27, 
further comprising a pulse generator, coupled to the 
controller, to generate the prescribed electrical energy. 
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